Abstract—Teeth of 71 estuarine dol-
phins (Sotalia guianensis) inciden-
tally caught on the coast of Parana
State, southern Brazil, were used to
estimate age. The oldest male and
female dolphins were 29 and 30 years,
respectively. The mean distance from
the neonatal line to the end of the first
growth layer group (GLG) was 622.4
+19.1 pm (n=48). One or two accessory
layers were observed between the neo-
natal line and the end of the first GLG.
One of the accessory layers, which was
not always present, was located at a
mean of 248.9 +32.6 nm (n=25) from
the neonatal line, and its interpreta-
tion remains uncertain. The other layer,
located at a mean of 419.6 +44.6 pm
(n=54) from the neonatal line, was
always present and was first observed
between 6.7 and 10.3 months of age.
This accessory layer could be a record
of weaning in this dolphin. Although
no differences in age estimates were
observed between teeth sectioned in
the anterior-posterior and buccal-lin-
gual planes, we recommend sectioning
the teeth in the buccal-lingual plane
in order to obtain on-center sections
more easily. We also recommend not
using teeth from the most anterior
part of the mandibles for age estima-
tion. The number of GLGs counted
in those teeth was 50% less than the
number of GLGs counted in the teeth
from the median part of the mandible
of the same animal. Although no sig-
nificant difference (P>0.05) was found
between the total lengths of adult male
and female estuarine dolphins, we
observed that males exhibited a second
growth spurt around five years of age.
This growth spurt would require that
separate growth curves be calculated
for the sexes. The asymptotic length
(TL_), k, and £, obtained by the von Ber-
talanffy growth model were 177.3 cm,
0.66, and —1.23, respectively, for fe-
males and 159.6 cm, 2.02, and —0.38,
respectively, for males up to five years,
and 186.4 cm, 0.53 and —1.40, respec-
tively, for males older than five years.
The total weight (TW)/total length (TL)
equations obtained for male and female
estuarine dolphins were TW = 3.156 X
10-6x TL 32836 (r=0.96),and TW = 8.974 X
1075 x TL 26182 (=0.95), respectively.
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Until recently the genus Sotalia was
monospecific (S. fluviatilis) and had a
marine and a riverine ecotype (da Silva
and Best, 1996). Using tridimensional
morphometric analyses, Monteiro-Filho
et al. (2002) were able to separate it into
two distinct species: Sotalia fluviatilis,
which lives in freshwater, and Sotalia
guianensis, which lives in the marine
environment. Because tucuxi is the
vernacular name used for the freshwa-
ter species, Rosas and Monteiro-Filho
(2002) suggested “estuarine dolphin”
as the vernacular name for S. guianen-
sis, as previously mentioned by Watson
(1988).

Age is important in characterizing
population dynamics of mammals.
Growth layer groups (GLGs) observed
in teeth of mammals have been used
to estimate ages, and the greatest
progress in this area has occurred with
studies carried out on marine mammals
(Klevezal, 1980; Hohn et al., 1989). The
method consists of counting GLGs found

in the dentine and cement of the ani-
mals’ teeth, which are deposited every
year in most species (Klevezal, 1996).
Calibrating age estimates and identify-
ing accessory layers (not annual) are
essential for reliable age determination
(Hohn, 1990). Some population param-
eters are extremely sensitive to errors
and age estimate deviations, and the
absence of or an inadequate calibration,
could lead to incorrect interpretations
(Hohn et al., 1989).

Because there is no sexual dimorphism
in the body proportions of adult Sotalia
guianensis, all previous growth studies
analyzed both sexes together (Borobia,
1989; Schmiegelow, 1990; Ramos et al.,
2000). However, there is evidence of dif-
ferentiated growth between male and
female estuarine dolphins around pu-
berty (Rosas and Monteiro-Filho, 2002),
thereby making it necessary to analyze
growth separately for the sexes.

The objectives of this paper were 1)
to estimate the ages of S. guianensis
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caught incidentally or stranded on the Parana coast, Brazil,
2) to give some guidelines to promote reliable age estimates
in this species; 3) to describe the growth in body length (cm)
according to the ages (years) of male and female estuarine
dolphins, by using classical mathematical growth models;
and 4) to describe the body-weight—body-length relation-
ship for both sexes of this dolphin.

Materials and methods

Teeth from 71 individuals of S. guianensis (34 males, 28
females and 9 of undetermined sex), incidentally caught
or found stranded on the Parana coast, southern Brazil
(25°18’S; 48°05"'W—-25°5’S8; 48°35'W), from January 1997
to July 1999, were used to estimate age. The total body
weight (kg) and standard measurements of individuals
were made in accordance to Norris (1961). Total length
(cm) was measured in a straight line from the tip of the
beak to the central notch of the tail, in an axial projec-
tion. The skulls and teeth were collected, prepared, and
deposited in the collection of the Instituto de Pesquisas
Cananéia (IPeC).

Preparation of the teeth, from the decalcification to the
mounting of the slides, was carried out in the Laboratory
of Marine Mammals and Marine Turtles of the Depart-
ment of Oceanography of the Fundagdo Universidade do
Rio Grande (FURG). The method of Hohn et al. (1989) was
used, with the following adaptations: 1) decalcification time
varied from one hour for newborn or young individuals,
up to a maximum of 12.5 hours for old adults, 2) Harris’s
hematoxilin was used for staining, according to Molina and
Oporto (1993), and immersion times of the sections varied
from three to six minutes.

Because the absence of a pre-established age estimation
model for S. guianensis, we tested both anterior-posterior
and buccal-lingual planes for cutting teeth. Age estimation
was performed by counting GLGs in the dentine. GLGs
were defined as being the sequence of a thin nonstained
layer, a thick stained layer, and a very thin layer that is
strongly stained (very dark). Each complete GLG was as-
sumed to represent one year (Ramos et al., 2000).

Teeth were selected from the middle of the tooth rows.
However, to check for differences in age estimation among
those positioned along the tooth row, we compared the
number of GLGs in teeth from the middle of the tooth row
with the number of GLGs in those from the most anterior
part of the tooth row of the same animal.

The senior author read teeth slides at least three times
during a minimum period of three weeks. Estimated age
was taken as the last reading, assuming that reading accu-
racy improves with practice (Pinedo and Hohn, 2000). Age
was estimated without access to biometric and biological
data, thereby avoiding reader bias.

By using only central sections or those close by, in which
at least 80% of the pulp cavity was exposed (Fig. 1), we
obtained the following measurements with an ocular mi-
crometer in a compound microscope: 1) distance (in pm)
from the neonatal line up to the end of the first GLG in
the dentine; 2) distance from the neonatal line to the first

Figure 1

Central section of a Sotalia guianensis tooth cut
in the buccal-lingual plane showing the position of
the neonatal line (NL), the always-present acces-
sory layer (AL), first GLG (1) and second GLG (2).
Magnification: 30x.

accessory layer in the dentine; and 3) distance from the
neonatal line to the second accessory layer in the dentine,
if present. All measurements were made perpendicular to
the external margin and at the neck of the tooth (an area
located between the crown and root of the tooth).

Ages of individuals less than one year were estimated
in months, by using as a base the percentage proportion of
the mean distance between the neonatal line and the end
of the GLG of the first year (Ramos, 1997).

Several models have been created over the years to
describe growth, including the von Bertalanffy, Gompertz,
logistical, and Richards models. Schnute’s generic growth
model helps to choose the model which is best adapted to
the length and age data of the species studied. Schnute’s
model (1981) is defined as:

b b b - |2
YO =|yw+0-w) —a(t,-1)) %,
1—e 2

where Y(¢) represents a measurement (length, weight,
volume) at age ¢; variables 7, and 7, are ages of young and
old specimens, respectively, and y, and y, are sizes at these
ages. These sizes, together with ¢ and b, are the parameters



Rosas et al.: Age and growth of Sotalia guianensis

379

Number of individuals
(98]

0O 2 4 6 8 10 12

Brazil, recorded between 1997 and 1999.

Age (years)

Figure 2
Age distribution of female and male Sotalia guianensis on the Parana coast, southern
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to be estimated. To define the growth model that would best
fit the length and age data of S. guianensis, the Schnute
model was applied to the length-at-age data.

Growth equations were calculated separately for the
sexes, with 34 males and 28 females. Growth model ad-
justment to the data was made by using the nonlinear
iterative Quasi-Newton method, minimizing the residual
sum of squares.

Total-weight to total-length relationships were estab-
lished by using 42 individuals of S. guianensis (23 males
and 19 females) with the equation

TW = ¢ x TL® (Santos, 1978),
where TW = total weight in kg;
TL = total length in cm;
¢ = e? (e=base of the natural logarithm);

6 = b (61is the length exponent); and finally
a and b = correlation parameters between the weight
and length, obtained by the method of the
least square by adjusting the logarithm data
of TW and TL.
Results

Age estimation

The mean distance from the neonatal line to the end of the
first GLG was 622.4 £19.1 nm (n=48). There is one acces-
sory layer, sometimes two, between the neonatal line and
the end of the GLG of the first year. One of them, located
at a mean distance of 248.9 +32.6 pm (n=25) from the neo-
natal line, is not always present. The other, which is some-
times very conspicuous at the tip of the tooth, is always
present, located at a mean distance of 419.6 +44.6 pm

(n=54) from the neonatal line, and is first observed between
6.7 and 10.3 months of age.

No difference was observed in age estimates of teeth
sections orientated in the anterior-posterior and buccal-
lingual planes. However, the buccal-lingual orientation
made it easier to obtain on-center sections.

The number of GLGs counted in the small teeth from the
most anterior part of the tooth row was 50% less than those
counted in the teeth from the median part of the mandibles
of the same animal.

The proportion of sexes in the sample studied was not
significantly different (y2=1.39; df=1; P>0.05). However,
among the animals with an age equal to or greater than
24 years (n=T), 85.7% were females. The oldest male was 29
years old and the oldest female was 30 years old (Fig. 2).

Age estimates for S. guianensis individuals varied from
0 to 30 years. Although the age mode was in the 0 and
1 year classes (Fig. 2), 53.5% of all animals whose ages
were estimated were seven years or more. This proportion
remained relatively constant between the sexes; 55% of
the males and 50% of the females were equal to or greater
than seven years.

Growth

When applied to the present data, Schnute’s model indi-
cated that the von Bertalanffy growth equation fitted the
length and age data of S. guianensis better (Table 1, a>0
and b>1; Schnute, 1981). Even though the predictive power
of Schnute’s model is greater than von Bertalanffy’s (see
“Explained variance” in Tables 1 and 2), the latter is justi-
fied by its historical use, and therefore has a greater value
for populational comparison, and incorporates a better
understanding of the biological meaning of its variables.
Comparing the total lengths (TL) of the estuarine dol-
phins of six years or more, we found no significant differ-
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ence between the sexes (¢-test, P>0.05). However, it was ob-
served that males possibly exhibit a discontinuity in growth
around five years. The existence of a secondary growth
spurt around this age was considered to be due to the onset
of puberty in this species (Rosas and Monteiro-Filho, 2002),
and necessitated the calculation of separate growth curves
for each sex. It should be noted that sexual maturity of
the dolphins here analyzed was determined by Rosas and
Monteiro-Filho (2002) to occur at seven years in males. In
order to estimate the fit of a two-step model, the sample was
divided into two groups: 1) up to five years (prepuberty) and
2) older than five years (subadult and adults).

The growth parameters obtained for males and females
are given in Table 2. The results obtained by Borobia (1989)
and Schmiegelow (1990) using the von Bertalanffy growth
model are also indicated in Table 2 for comparison. The
growth parameters obtained by the analyses of males up
to five years of age and those older than five are presented

Table 1

Schnute growth model parameters applied to Sotalia
guianensis on the Parand coast, southern Brazil. “7;” and
“1,” are predetermined ages in years; “y;” and “y,” are
estimated sizes at ages 7, and T,, in cm; “a” and “b” are adi-
mensional parameters. “SQ” represents the residual sum
of squares, and “Expl. var.” represents the variance of the
data explained by the model.

Parameters Females Males All
T 0 0 0

Y1 93.11 86.04 89.53
Ty 28 28 28

Yo 181.72 190.45 185.70
a 0.14 0.07 0.13
b 7.64 9.45 7.86
SQ 1242.35 1898.75 4375.56
Expl. var. (%) 93.47 92.17 92.47
n 28 34 71

in Table 3. By dividing the sample in two, the fit of the von
Bertalanffy model improved considerably (Tables 2 and
3). The growth curves of S. guianensis males and females
obtained by the von Bertalanffy model are presented in
Figure 3.

The ¢-test applied to parameters a and b of the weight/
length regression equations for males and females revealed
a significant difference (¢=2,25; df=38; P<0.05). Therefore,
this relationship was analyzed for the sexes separately and
the equations obtained were

TW = 3.156 x 10-6 x T'L 32836
TW = 8.974 x 105 x TL 26182

(males) (r=0.96)
(females) (r=0.95).

Discussion

Age estimation

Although there was no difference in the age estimation
between teeth orientated in the buccal-lingual and ante-
rior-posterior planes, we recommend the buccal-lingual
plane to obtain easier on-center or close-to-center sections,
which are essential for accurate age estimates.

The differences found in counting GLGs in teeth from
the anterior extremity and the median region of the tooth
row of the same animal corroborate the results obtained by
Hui (1980) for Tursiops truncatus. Therefore, we also do not
recommend using teeth from the most anterior part of the
mandible for age estimation in S. guianensis.

The mean distance between the neonatal line and the end
of the first GLG obtained in the present study (622.4 pm)
was approximately double that obtained by Ramos (1997)
(297.8 pm) for estuarine dolphins on the coast of Rio de Ja-
neiro. The differences, however, must be analyzed carefully:
the measurements carried out in our study were always
made in the neck of the teeth, whereas those made by Ra-
mos (1997) were from the base of the neonatal line. However,
the differences may be related to the interpretation of the
position of the first annual layer. The accessory layers (no-
nannual), observed between the neonatal line and the end

Table 2
Von Bertalanffy growth model parameters applied to Sotalia guianensis on the Parana coast, southern Brazil, and parameters from
the literature. “TL_“= asymptotic length (cm), “2”= growth constant and “¢,’= theoretical age at which the length of the animal is
zero. “SQ” represents the residual sum of squares, and “Expl. var.” represents the variance of the data explained by the model.

Our study
Parameters Females Males All Borobia (1989) Schmiegelow (1990)
TL_, 177.31 179.10 179.53 187.21 182.6
k 0.66 1.00 0.79 0.20 0.41
¢ -1.23 0.72 0.95 -4.05 -1.57
SQ 1944.25 3732.30 6942.93 — —
Expl. var. (%) 89.78 84.61 88.06 — —
n 28 34 71 24 22
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of the GLG of the first year, frequently
appear in a very conspicuous manner,
especially in the tip of the tooth, and can
be easily confused with annual layers.
The assumption that accessory layers
are annual could result in a duplication
of the real age of young animals up to two
years old, with significant consequences
in the interpretations of populational bio-
logical parameters (Hohn, 1990). The ideal
situation would be that a GLG deposition
model already existed for the species being
studied, thereby avoiding counting acces-
sory layers as being annual (Hohn et al.,
1989). In most odontocete species, includ-
ing S. guianensis, accessory layers do not
continue up to the end of the root of the
tooth, in contrast to annual layers, which
can be seen from the tip to the base of the
root of the tooth. However, to identify ac-
cessory layers it is necessary that the sec-
tions selected for age determination are

Total length (cm)
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central, or close to the center of the pulp
cavity (Pinedo and Hohn, 2000). Off-center
sections can be used for age estimation,
but reading errors increase markedly and
consequently induce unreliable age esti-
mates (Pinedo and Hohn, 2000).

The reasons for GLG deposition in teeth 100
are unknown (Hohn et al., 1989). Howev- g
er, several reasons have been suggested, 80
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including seasonal variations in growth 0
rate, genetic physiological cycles, dietary
changes, hormonal influences, and intrin-
sic factors on the metabolism in general
(Boyde, 1980; Klevezal, 1980; Scheffer and
Myrick, 1980). Although all these factors
could be influential, variations in the diet
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Growth curve of male (A) and female (B) Sotalia guianensis on the Parana
coast, southern Brazil.

certainly play a significant role. According
to Klevezal (1996), a descriptive record of
the dietary changes of an animal during the year should
initially be looked for in structures that have a large degree
of sensitivity, such as teeth. It is known that dentine reacts
to the introduction of fluoride, calciferol and a series of other
components in the organism, forming layers with different
degrees of mineralization (Klevezal, 1996), which is known
as a calcium-traumatic reaction of dentine. Therefore, it is
possible to find a record of dietary changes in the dentine,
starting from weaning (Klevezal, 1996).

We believe that the accessory layer in the dentine found
at approximately 419.6 um from the neonatal line, could be
a record of the end of weaning in the estuarine dolphin. It
was observed in all the teeth of individuals older than 6.7
months and could be a hypomineralized layer caused by a
reduction of calcium in the body due to the absence of milk
in the diet (Klevezal, 1996). The other accessory layer found
closer to the neonatal line (mean of 248.9 pm) was not
observed in all animals and the interpretation of this layer
remains uncertain. It may be related to the beginning of
weaning, as has been suggested for the bottlenose dolphin

by the model.

Table 3

Von Bertalanffy growth model parameters for male
Sotalia guianensis on the Parana coast, southern Brazil.
“TL_"= asymptotic length (cm), “6”= growth constant and
“t,”= theoretical age at which the length of the animal is
zero. “SQ” represents the residual sum of squares, and
“Expl. var.” represents the variance of the data explained

Parameters Up to 5 years More than 5 years
TL,, 159.64 186.41

k 2.02 0.53

¢y -0.38 -1.40

SQ 510.99 1013.98
Expl.var. (%) 94.20 50.90

n 15 19
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(T. truncatus) (Hohn!). This hypothesis still needs to be
confirmed. However, all the S. guianensis individuals that
were still nursing, but which already had remains of solid
food in their stomachs (n=5), had only an accessory layer
that is closer to the neonatal line—they did not have the
layer that we are assuming marks the end of weaning.

According to Rosas (2000), there was no significant
difference in incidental catches between mature and im-
mature individuals of S. guianensis caught on the coast of
Parana, suggesting a similar vulnerability of young and
adult estuarine dolphins to fisheries. Because the animals
analyzed in our study were the same ones used by Rosas
(2000), this lack of significant difference between mature
and immature individuals can suggest a representative age
distribution of the individuals analyzed.

Because the maximum estimated age in our study was
30 years, and because the dolphins here analyzed were
incidentally caught in fishing nets, it seems reasonable to
assume that the longevity of the estuarine dolphin may
be 30-35 years. This hypothesis is also corroborated by
the study carried out by Ramos (1997) with S. guianensis
on the coast of Rio de Janeiro State (southeastern Brazil).
Although the age of the oldest male observed in our study
was 29 years, the frequency of males older than 21 years
was less than 3%, which is extremely low when compared
with the frequency of 21.5% for females older than 21 years.
These results suggest a greater life expectancy for females,
which is also corroborated by a study carried out by Ramos
(1997) in Rio de Janeiro.

Growth

The use of Schnute’s model is helpful in deciding which
growth model should be used. Even though the researcher
can usually decide which model is most appropriate by
looking at the data, subtle differences in data distribution
could cause one or another model to be more adequate. Use
of a generic model allows this choice without intervention
of the researcher and avoids any unconscious bias towards
or against any model.

The discontinuity of growth in male S. guianensis in our
study could have been due to the small sample size or may
have been due to a second growth spurt, which has already
been observed in the total length of Stenella attenuata (Per-
rin et al., 1976), Lissodelphis borealis (Ferrero and Walker,
1993), and Phocoenoides dalli (Ferrero and Walker, 1999),
and in the weight of male Tursiops truncatus (Cockroft and
Ross, 1990). The % value obtained for male S.guianensis
up to five years was very high, meaning that asymptotic
length in this phase of life was reached quickly. The ces-
sation of growth exhibited by the model for males up to
5 years probably is not true in the biological sense but
could be an artifact created by the model and the small
sample size. Most probably there is a marked reduction in
growth with the start of sexual maturation and a greater
investment in the weight or reproductive apparatus (or

1 Hohn, A. A. 1999. Personal commun. Beaufort Laboratory,
Southeast Fisheries Science Center, National Marine Fisheries
Service, 101 Privers Island Road. Beaufort, NC 28516-9722.

both). The hypothesis of a greater investment in weight is
supported by the observed difference in the weight-length
coefficient between males and females. Additionally, sexual
investment of male estuarine dolphins is very high—testes
of adult males can reach up to 32 cm in length and weigh
up to 3.3% of the total body weight (Rosas and Monteiro-
Filho, 2002).

After the secondary growth spurt in males, the final
asymptotic length did not differ very much from that in
females. Previous growth studies carried out by Borobia
(1989), Schmiegelow (1990), and Ramos et al. (2000) with
the estuarine dolphin did not mention the existence of a
second growth spurt in males, possibly because the authors
did not analyze the growth of males and females separately.
According to Ramos et al. (2000), male and female data
were combined because of the absence of sexual dimor-
phism in the body size of adults of this species.

Borobia (1989) and Schmiegelow (1990), who also used
the von Bertalanffy model, obtained different values for the
growth equation parameters (Table 1). The sample used by
Borobia (1989) did not have many individuals in ages 1 and 2,
and none in the 0 age class. The absence of animals that “an-
chor” the beginning of the curve could result in low estimates
of £ and #,,. Additionally, Borobia (1989) examined individuals
from different locations along the distribution of the species
and thus did not take into consideration possible geographi-
cal variations. The results obtained by Schmiegelow (1990)
are similar to those of our study, probably because both of
them used animals from the same region.

Ramos et al. (2000) analyzed the growth of S. guian-
ensis using the Gompertz growth model and obtained an
asymptotic length (191.7 cm) which was much greater
than that obtained in our study and in previous studies
(Borobia, 1989; Schmiegelow, 1990) (Table 1). This differ-
ence could be due to 1) the small number of individuals
older than 12 years (n=3) in their sample; or 2) a difference
in asymptotic lengths between southeastern and southern
Brazil populations. Similar differences have been observed
between asymptotic lengths of Pontoporia blainvillei from
Rio de Janeiro (southeastern Brazil) and Sao Paulo and
Parand (same area of the present study), where larger in-
dividuals were found in Rio de Janeiro (Ramos et al., 2000;
Rosas, 2000). Therefore, it is possible that environmental
variables could be responsible for larger sizes in the area
studied by Ramos et al. (2000), both for S. guianensis and
for P. blainvillei.

Although no significant difference was observed in the
asymptotic length between adult males and females, the
differentiated growth in time between the two sexes is
probably responsible for the difference observed in the
weight-length relationship.

In most species, the length exponent (6) of the weight-
length relationship is usually close to 3 (Santos, 1978). The
estimated values of this exponent for the estuarine dolphin
(3.2 for males and 2.6 for females) suggest that the longi-
tudinal and transversal body growth in this species follows
a similar pattern.

Our results suggest that it is important to study growth
by analyzing the sexes separately, because there may be dif-
ferential growth between the sexes before the adult age.
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